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ABSTRACT )3 ]! ¢

Barlier calculations of radiochemical cross sections by the usual
by ® cascade-evaporation approach for 25- to L00-MeV protons incident on alumi-
num gid carbon have been repeated to determine the effects of some of the
P ;_fati.ons made by Peelle and Aebersold in the evaporation program
1811y coded by Dresner. For alumimum the effect is to improve the
‘ agreement of the calculated dross section with experiment for the two
reactions ca.lcula.ted but for carbon the modifications resulted in no
change in one case a.nd decreased the agreement in another case. The
most sipiﬁ.ca.nt change in the particle multiplicities is that the
average ‘number of neutrons evaporated in the higher energy reactions with
a.lumimnn is about 25% higher when the modified program is used.

pd
(CODE)
AY
(CATEGORY)

(THRUW)

NOTICE This document contains information of a preliminary nature
and was prepored primarily for internai use ot the Uak Ridge Narionai — —
Laboratory. It is subject to revision or correction and therefore does

J not represent a final report.

Sheh | This Work Partially Supported by =
N | NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
(\') ' Under Order R-104(1) R -
2 : U
LENINNE
i | Qf
QN
§ ¢ 1
0w [ |-
3 %5
< 5




LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United States,

nor the Commission, nor ony person acting on behalf of the Commission:

A. Mokes any warranty or representation, expressed or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of
any Information, opparatus, method, or process disclosed in this report moy not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of
any information, apparatus, method, or process disclosed in this report.

As used in the above, “person acting on behalf of the Commission' includes any employee or

contractor of the Commission, or employes of such contractor, to the extent that such employes

or contractor of the C ission, or ploy of such contracter prepares, disseminates, or
provides access to, any information pursuant to his employment or contract with the Commission,
or his employment with such contractor.
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INTRODUCTION

The Dresner evaporation programl that was used in earlier intranuc-

2»3 hags since been

lear cascade calculations of reaction cross sections
modified by Peelle and Aebersold.* The modified version has been used

in recent calculations of radiochemical cross sections* and particle mul-

tiplicities for approximately 200-MeV protons incildent on various targets.
The results of these later calculations will be compared with experimental
data in a forthcoming report.>® Since in some cases there are significant

differences in the results obtained with the two programs, this paper pre-

sents comparisons for a few typical reactions involving 25- to 400-MeV

protons incident on carbon and aluminum.

A1l the cross sections were calculated by the usual two-step cascade-
evaporation procedure in which the initial reactions are assumed to be fast
particle-particle reactions that occur inside the nucleus. These reactions
generate the cascade. When the energies of all the particles in the cascade
fall below a certain arbitrary energy, the cascade phase is terminated,
and it is then assumed that the nucleus (which is usually in a highly
excited state at this point) loses energy by the "boiloff" or evaporation
of particles. The modifications that are referred to above are in the
program that handles the evaporation -- the cascade calculation remains

unchanged.

¥The reactions under discussion are those usually measured by means of
chemical separation followed by radiocactive analysis of the exposed
target, and the term "radiochemical cross sections" or "excitation func-
tions" has been used to describe the cross sections.

1. L. Dresner, EVAP - A FORTRAN Program for Calculating the Evaporation
of Various Particles from Excited Compound Nuclei, ORNL CF-61-12-30
(Dec. 19, 1961).

2. Hugo W. Bertini, Phys. Rev. 131, 1801 (1963) with erratum Phys. Rev.
138, AB2 (1965).

5. Hugo W. Bertini, Results from Low-Energy Intranuclear Cascade Calcula-
tion, ORNL TM-1225 (Sept. 10, 1965).

4. R. W. Peelle and P. M. Aebersold, Energy Parameters for Light Nuclides
in Monte Carlo Nuclear Evaporation Programs Based on EVAP, ORNL TM-1538
(Oct. 17, 1966).

5. Hugo W. Bertini, Calculated Radlochemical Cross Sections and the Effects
of a Few Nuclear Parameters for Incident Protons and n”~ Mesons in the

200-MeV Energy Region, ORNL TM-1562 (to be published).
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MODIFICATIONS

All changes reflected by the Peelle-Aebersold evaporation program
were not applicable to the work reported here; only those changes which
strongly affect the results for residual nuclei whose neutron or proton
numbers are 10 or less were used. These were the estimated masses, the
shell-plus-pairing-energy terms, and the pairing terms of Tables 1
(col. 4), 2 (cols. 3 and 6), and 4 (cols. 3 and 6), respectively, of
ref. 4 . Generally speaking, these modifications supply input parameters

that are more consistent with the evaporation model.

The unmodified evaporation program that was used here and in the
earlier calculations is the same as that described by Dresner, which in-
corporates the results of Dostrovsky et gl.,sexcept that it involves
only six particles -- neutrons, protons, deuterons, tritons, SHe, and

alpha particles =-- of the 19 particles used by Dresner.

COMPARISONS

The effect of the modificatlons on a few reaction cross sections
involving protons on carbon and aluminum targets is illustrated in Figs.
1-4. The cross section for the 2¢(p,pn)!'C reaction as a function of
incident proton energy remains relatively unchanged (see Fig. 1). The
effect on the 2C(p,3p3n) Be reaction (Fig. 2) is to decrease the agree-
ment with experiment. The effect on both reactions with aluminum (Figs.

3 and 4) 1s to improve the agreement with experiment.

The evaporation neutron and proton multiplicities, i.e., the aver-
age number of protons and neutrons produced in the evaporation process,
are illustrated in Teble 1. The results obtained with the modified and
unmodified program are similar at the lowest energies, but there is a
noticeable divergence in most of the results beyond about 100 MeV, parti-
cularly for the aluminum targets. For aluminum the average number of
protons evaporated is about lO% higher when the unmodified evaporation
program is used, but the neutron multipliecity is about 25% lower. For

carbon, however, the average number of protons evaporated based on the

6. D. Dostrovsky, Z. Fraenkel, and G. Friedlander, Phys. Rev. 116,
685 (1959).
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unmodified program is about lO% lower than the number from the modified

program, but the neutron multiplicities are about the same.

These comparisons do not reflect the ability of the modified evapora-
tion program to predict experimental results, because such results are
affected by the rather complicated cascade calculation, which preceded
the evaporation calculations. If such a test is desired, one should com-
pare the predictions from this program with experiments for reactions
in which the evaporation process is the sole or dominant process. The
comparisons presented here are given so that the users of the data that
have already been generated and distributed® can see some of the effects

that modifications of this type will produce.
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Fig. 1. Cross Section for the l‘QC(p,pn)“‘C Reaction vs Incident
Proton Energy. The dashed curve is drawn through the experimental data;
the dash-dotted curve is drawn through the calculated results for which
the unmodified evaporation program was used; the solid curve is drawn

through the caleculated results for which the modified evaporation program
was used.
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Fig. 2. Cross Section for the *2C(p,3pin) Be Reaction vs Incident
Proton Energy. The dashed curve is drawn through the experimental data;
the dash-dotted curve is drawn through the calculated results for which
the unmodified evaporation program was used; the solid curve is drawn

through the calculated results for which the modified evaporation program
was used.
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Fig. 3. Cross Section for the 27A1(p,3pn)®“Na Reaction vs Incident
Proton Energy. The dashed curve is drawn through the experimental data;
the dash-dotted curve 1s drawn through the calculated results for which
the unmodified evaporation program was used; the solid curve is drawn
through the calculated results for which the modified evaporation program
was used.
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through the calculated results for which the modified evaporation program
was used.
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